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The soft-coral associated pistol shrimp Synalpheus neomeris (De Man) 
(Decapoda: Alpheidae) defends its host against nudibranchs in Okinawa, 
Japan 

Rie Nakano 1 * & Takuma Fujii 2 ’ 3 

Abstract. The present study provides the first detailed observations of mutualism between the pistol shrimp Synalpheus 
neomeris (De Man, 1897), and its host, the soft coral Dendronephthya hyalina Kiikenthal, 1905 in Okinawa, Japan. 
The host-defensive behaviour of S. neomeris against two soft coral predators, the nudibranchs Tritonia sp. and 
Dermatobraunchus caeruleomaculatus Gosliner & Fahey, 2011, is documented for the first time, based on aquarium 
and field observations. 
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INTRODUCTION 

Mutualistic relationships are common in the ocean, 
especially among animals living on coral reefs. Decapod 
crustaceans are particularly well-known for their obligate 
and often biologically complex mutualism with various 
sessile invertebrates. Associations between decapods and 
hermatypic corals, as well as between decapods such as 
Thor amboinensis and sea anemones (e.g., Stichodactyla 
haddoni , Lebrunia danae , and Cryptodendrum adhaesivum ), 
are particularly well documented. For instance, coral crabs 
(Trapezia sp.; Trapeziidae) and pistol shrimp ( Alpheus lottini 
Guerin; Alpheidae), which often interact with each other 
(Vannini, 1985), are known to defend their pocilloporid 
coral hosts against the corallivorous crown-of thorns starfish 
Acanthaster planci (Glynn, 1987; Pratchett et al., 2000). 
Mucus and organic matter trapped inside the coral represent 
an important food source for coral crabs and shrimps (Wild 
et al., 2004), while faecal products of anemone-associated 
shrimps are a valuable additional source of nitrogen for 
their hosts (Spotte, 1996). In contrast, associations between 
decapods and octocoralline soft corals remain relatively 
poorly known. 

In the present study we report on the behaviour of a pistol 
shrimp Synalpheus neomeris , in defending its soft coral host 
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against two soft coral-eating nudibranchs, via both laboratory 
(aquarium) and field observations. 

MATERIAL AND METHODS 

Aquarium observations. A pink-coloured colony of the 
octocoralline coral Dendronephthya hyalina Kiikenthal, 
1905 (Alcyonacea: Nephtheidae) and an undetermined white 
Tritonia sp. (Nudibranchia: Tritoniidae), were found at the 
sandy bottom at a depth of 15 m in Oura Bay, Okinawa 
Island, Okinawa, Japan (Fig. 1) on 20 May 2011. Tritonia 
species are known as octocoral predators (Behrens, 2005). 
Thus both D. hyalina and the Tritonia sp. were kept in the 
same tank to determine if the nudibranch can feed on the 
soft coral. However, the Tritonia specimen did not feed 
on the polyps of D. hyalina , and in fact never touched the 
octocoral. On 24 May 2011, we discovered a pair of pistol 
shrimp Synalpheus neomeris (De Man, 1897) (Decapoda: 
Alpheidae) on D. hyalina. In order to determine if the presence 
of pistol shrimps affected prey-predator interaction between 
the nudibranch and soft coral, we prepared three tanks: tank 
A for D. hyalina containing a pair of S. neomeris , tank B 
for Tritonia sp., and tank C to house the pair of shrimps. 

Both shrimps were removed from D. hyalina and kept in 
tank C. Then the nudibranch Tritonia sp. was placed directly 
on D. hyalina in tank A and its behaviour was recorded 
by video for one minute. Subsequently, Tritonia sp. was 
separated from D. hyalina and after another short interval 
(about one minute), Tritonia sp. was placed near D. hyalina 
and its behaviour was recorded. These observations were 
repeated 10 times over a period of 12 hours after which 
Tritonia sp. was returned to tank B. 

After 24-48 hours, the pistol shrimp pair in tank C was 
returned to tank A and placed on D. hyalina. Then Tritonia 
sp. from tank B was placed near D. hyalina in tank A, and 
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Table 1. Feeding behaviour of Tritonia sp. in the presence and absence of the pistol shrimp Synalpheus neomeris on a colony of 
Dendronephthya hyalina (aquarium observations) 


S. neomeris 

Date 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

9th 

10th 

Present 

20 May 2011 

- 

- 

- 

NO 

NO 

NO 

NO 

NO 

NO 

NO 


26 May 2011 

- 

- 

- 

- 

- 

- 

NF 

NF 

NF 

NF 


31 May 2011 

- 

- 

- 

- 

- 

- 

- 

- 

NF 

NF 


4 June 2011 

- 

- 

- 

- 

- 

- 

NF 

NF 

NF 

NF 

Absent 

24 May 2011 

+ 

+ 

+ 

NO 

NO 

NO 

NO 

NO 

NO 

NO 


27 May 2011 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


29 May 2011 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


1 June 2011 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

NO 

NO 


When a pair of shrimp was present, Tritonia sp. left the D. hyalina colony within one minute. After 7th to 9th instances of each observation, Tritonia sp. 
did not approach the soft coral. 

+: Tritonia sp. continued feeding on the polyps of D. hyalina for over one minute. 

Tritonia sp. withdrew from D. hyalina within 1 minute. 

NF: No feeding behavior observed (Tritonia sp. stayed away from the soft coral). 

NO: No observation. 


the behaviour of Tritonia sp. was recorded for one minute. 
After which it was separated from D. hyalina. After a further 
interval of one minute, Tritonia sp. was placed near D. hyalina 
again and its behaviour was recorded. These observations 
were also repeated 10 times over a period of 12 hours. 

The observations without manipulation of pistol shrimps 
were carried out on 20, 26, 31 May and 4 June 2011, while 
the pistol shrimp removal observations were carried out on 
24, 27, 29 May and 1 June 2011 (Table 1). We conducted 
these aquarium observations eight times in total. Although the 
conditions of the soft coral did not change from beginning 
to end of the observation, the pistol shrimps were not doing 
well. Therefore we terminated the observations after eight 
1-minute observations. After the final observation, D. hyalina , 
S. neomeris , and Tritonia sp. specimens were preserved in 
70% ethanol. 



Fig. 1. Collection sites of soft coral, pistol shrimps and nudibranchs: 
Oura Bay, Okinawa Island, Japan (26°32'N, 128°03'E). The 
octocoral Dendronephthya hyalina , the pistol shrimp Synalpheus 
neomeris , and the nudibranchs, Tritonia sp. and Dermatobranchus 
caeruleomaculatus , were collected in the inner part of the bay at 
a depth range of 15 to 30 m. 


Field observations. An individual of Dermatobranchus 
caeruleomaculatus Gosliner & Fahey, 2011 (Nudibranchia: 
Arminidae) was observed on a colony of Dendronephthya 
hyalina at a depth of 30 m in Oura Bay on 16 November 
2011, at the same location where Tritonia sp. had previously 
been collected. Dermatobranchus species are also known 
as octocoral predators (Gosliner & Fahey, 2011). Thus we 
transferred the colony of D. hyalina and D. caeruleomaculatus 
to a shallower area to avoid decompression sickness and 
observed the behaviour of the nudibranch for 30 minutes. 
After observation, the soft coral and the nudibranch were 
preserved in 70% ethanol. 

Several colonies of D. hyalina and a second individual of 
D. caeruleomaculatus were found at the same location on 
7 April 2012. We placed D. caeruleomaculatus near the 
colony of D. hyalina and observed its behaviour. When D. 
caeruleomaculatus did not show any feeding behaviour, 
we placed the nudibranch again near D. hyalina and made 
observations for a further 15 minutes. The nudibranch and 
several octocoral colonies were subsequently preserved in 
70% ethanol. After preservation, we checked whether or 
not any mutualistic animals (e.g., Synalpheus neomeris) 
were present on the soft coral colonies, and removed them. 

RESULTS 

Aquarium observations. The results of the aquarium 
observations are summarised in Table 1. Regardless 
of the presence or absence of Synalpheus neomeris on 
Dendronephthya hyalina , when Tritonia sp. was placed into 
tank A, it immediately moved onto the soft coral colony 
and began to feed on its polyps. On D. hyalina without S. 
neomeris , Tritonia sp. continued to feed on soft coral polyps 
for over one minute (Fig. 2A). However, if a pair of shrimp 
was present, Tritonia sp. left the D. hyalina colony within 
one minute (Fig. 2B; Video 1). After 7th to 9th instance of 
each observation, Tritonia sp. never came again close (i.e., 
within 5 cm) to the soft coral. 
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Field observations. Dermatobranchus caeruleomaculatus 
never left Dendronephthya hyalina and continued feeding 
on the polyps of the soft coral for 30 minutes (Fig. 3A). 
After preservation of D. hyalina , we found no mutualistic 
animals associated with this colony. 

Dermatobranchus caeruleomaculatus was attacked by 
Synalpheus neomeris during the second and third of 12 
experiments (Fig. 3B; Video 2). After the fourth instance, 
D. caeruleomaculatus either burrowed into the sand near 
D. hyalina , without feeding on its polyps, or kept a safe 
distance from D. hyalina (Video 3). After preservation of 
all six colonies of D. hyalina , one pair of S. neomeris was 
found on the colony observed in the field (Fig. 3C). The 
results of the field observations are summarised in Table 2. 

DISCUSSION 

The present study suggests that the pistol shrimp Synalpheus 
neomeris , living on soft corals of the genus Dendronephthya 
(Banner & Banner, 1975), can protect its host against two 
different nudibranchs feeding on soft coral polyps. On 16 
November 2011, Dendronephthya colonies without shrimps 
were exposed to grazing by nudibranchs and resulted in the 



Fig. 2. Feeding behaviour of Tritonia sp. on polyps of the soft coral 
Dendronephthya hyalina , in the aquarium. A, Tritonia sp. continued 
feeding on polyps of D. hyalina in the absence of Synalpheus 
neomeris ; B, Tritonia sp. is being attacked by S. neomeris (1) and 
leaves the D. hyalina colony soon after (2-4). Scale bar =10 mm 


partial loss of polyps (Fig. 3 A). On the contrary, if shrimps 
were present on the soft coral, the nudibranchs are attacked 
with the shrimps’ powerful snapping claws, resulting in 
their immediate withdrawal from the soft coral colony and 
temporary loss of interest in feeding on the same colony 
again (Fig. 3B). This protective behaviour appears similar 
to previously known relationships between coral crabs and 
pistol shrimps living on stony corals. 

However, we also found another five soft coral colonies 
that did not have symbiotic shrimp (Fig. 3C). Not all soft 



Fig. 3. Behaviour of Dermatobranchus caeruleomaculatus observed 
in the field. A, On 16 November 2011, D. caeruleomaculatus 
continued feeding on the polyps of D. hyalina in the absence of 
pistol shrimps; B, On 7 April 2012, Synalpheus neomeris (encircled) 
attacked!), caeruleomaculatus , which immediately stopped feeding 
on D. hyalina polyps; C, Six colonies of Dendronephthya hyalina 
collected on 7 April 2012; arrow pointing to observed colony. 
Scale bar =10 mm. 
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Table 2. Feeding behaviour of the nudibranch Dermatbrunchus caeruleomaculatus on a colony of soft coral Dendronephthya hyalina with 
and without the pistol shrimp Synalpheus neomeris (field conditions). 


S. neomeris 

Date 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

9th 

10th 

11th 

12th 

Absent 

16 November 2011 

+ 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

Present 

7 April 2012 

+ 

- 

- 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 


When Synalpheus neomeris was present, Dermatobrunchus caeruleomaculatus was attacked on two occasions by Synalpheus neomeris. After the fourth 
instance, D. caeruleomaculatus either burrowed into the sand near D. hyalina without feeding on its polyps, or kept a distance from D. hyalina. 

+: D. caeruleomaculatus continued feeding on the polyps of D. hyalina. 

-: D. caeruleomaculatus was attacked by S. neomeris and moved away from D. hyalina. 

NO: No observation. On 16 November 2011, we observed feeding behaviour of D. caeruleomaculatus only once. 

NF: No Feeding behaviour ( D. caeruleomaculatus stayed away from the soft coral). 


coral are protected by pistol shrimps. Additionally, it is still 
unknown whether only one pair of pistol shrimp can protect 
a host octocoral completely, as Synalpheus neomeris is much 
smaller than the host and predator. 

The numbers of colonies of D. hyalina in Oura Bay vary 
greatly with season or year (M. Obuchi, pers. comm.), but 
the reasons for this frequency variation remain unknown. 
Synalpheus neomeris appears to be relatively common in the 
Ryukyu Archipelago (Hayashi, 1996; Nomura & Asakura, 
1998), its geographic range continuing further northwards 
as far as Hachijo-jima off Izu islands (Kato & Okuno, 2001) 
and southern Korea (Koo & Kim, 2003). On the other hand, 
the two nudibranchs, Tritonia sp. and Dermatobranchus 
caeruleomaculatus , are extremely rare in Okinawa, and this 
report represents in fact the first records of both species in 
Japanese waters. Therefore, further observations with D. 
hyalina and S. neomeris should be carried out using more 
common nudibranchs in the area, which are known to feed 
on soft coral polyps. 

ACKNOWLEDGEMENTS 

We are deeply grateful to Masami Obuchi (Biological Institute 
on Kuroshio), Euichi Hirose and James D. Reimer (both 
University of the Ryukyus) for their invaluable comments. 
We thank Yukimitsu Imahara (Biological Institute on 
Kuroshio) and Keiichi Nomura (Kushimoto Marine Park) 
for identification of the octocoral and the pistol shrimp, 
respectively. We also thank the editor Tan Koh Siang and 
two anonymous reviewers for their constructive comments, 
which helped us to improve the manuscript. 

LITERATURE CITED 

Banner AH & Banner DM (1975) Contributions to the knowledge of 
the alpheid shrimp of the Pacific Ocean. Part XVII. Additional 
notes on the Hawaiian alpheids: new species, subspecies and 
some nomenclatorial changes. Pacific Science, 28: 423-437. 
Behrens DW (2005) Nudibranch behavior. New World Publications, 
Jacksonville, Florida, 176 pp. 


De Man JG (1895) Bericht fiber die von Herm Schiffscapitan Storm 
zu Atjeh, an den westlichen Kristen von Malakka, Borneo und 
Celebes sowie in der Java-See gesammelten Decapoden und 
Stomatopoden. Zoologischen Jahrbfichen, 2(9): 75-218. 

Glynn PW (1987) Some ecological consequences of coral-crustacean 
guard mutualisms in the Indian and Pacific Oceans. Symbiosis, 
4: 301-324. 

Gosliner TM & Fahey SJ (2011) Previously undocumented 
diversity and abundance of cryptic species: a phylogenetic 
analysis of Indo-Pacific Arminidae Rafinesque, 1814 (Mollusca: 
Nudibranchia) with descriptions of 20 new species of 
Dermatobranchus. Zoological Journal of the Linnean Society, 
161: 245-356. 

Hayashi K (1996) Prawns, shrimps and lobsters from Japan 88. 
Family Alpheidae - genus Synalpheus 3. Aquabiology; 183: 
223-226. 

Kato S & Okuno J (2001) Shrimps and Crabs of Hachijo Island. 
TBS-Britannica, Japan, 160 pp. [In Japanese] 

Koo H & Kim W (2003) First report of snapping shrimp Synalpheus 
neomeris from Korea. Korean Journal of Systematic Zoology, 
19: 245-250. 

Kfikenthal W (1905) Versuch einer Revision der Alcyonarien. 
II. Die Familie der Nephthyiden. 2. Teil. Die Gattungen 
Dendronephthya n. g. und Stereonephthya n. g. Zoologische 
Jahrbficher. Abteilung fur Systematik, Geographie und Biologie 
der Tiere, 21: 503-726. 

Nomura K & Asakura A (1998) The alpheid shrimps (Decapoda; 
Alpheidae) collected from Kushimoto, on the Pacific coast of 
central Japan, and their spatial distributions, zoogeographical 
affinities, social structures, and life styles. Nankiseibutu, 40: 
25-34. 

Pratchett M, Vytopil E & Parks P (2000) Coral crabs influence the 
feeding patterns of crown of thorns starfish. Coral Reefs, 19: 36. 

Spotte S (1996) Supply of regenerated nitrogen to sea anemones 
by their symbiotic shrimps. Journal of Experimental Marine 
Biology and Ecology, 198: 27-36. 

Vannini M (1985) A shrimp that speaks crab-ese. Journal of 
Crustacean Biology, 5: 160-167. 

Wild C, Rasheed M, Werner U, Franke U, Johnston R & Huettel M 
(2004) Degradation and mineralization of coral mucus in reef 
environments. Marine Ecology Progress Series, 267: 159-171. 


762 





RAFFLES BULLETIN OF ZOOLOGY 2014 


ADDITIONAL MATERIAL 

Video 1. Tritonia sp. bent backwards and stopped feeding on the polyps of Dendronephthya hyalina, after being attacked by Synalpheus 
neomeris. [http://lkcnhm.nus.edu.sg/nus/images/data/raffles_bulletin_of_zoology/zoology_yolume_62/video/Videol.mp4] 

Video 2. Dermatobranchus caeruleomaculatus being attacked by Synalpheus neomeris on a colony of Dendronephthya hyalina. [http:// 
lkcnhm.nus.edu.sg/nus/images/data/raffles_bulletin_of_zoology/zoology_volume_62/video/Video2.mp4] 

Video 3. Dermatobranchus caeruleomaculatus stopped feeding on polyps of Dendronephthya hyalina after subjected to snapping by 
Synalpheus neomeris. [http://lkcnhm.nus.edu.sg/nus/images/data/raffles_bulletin_of_zoology/zoology_volume_62/video/Video3.mp4] 
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